The immunomodulatory drug agent pomalidomide has pleiotropic cytotoxic effects against multiple myeloma (MM) cells[1](#jcph1145-bib-0001){ref-type="ref"}, [2](#jcph1145-bib-0002){ref-type="ref"} in addition to antiproliferative,[3](#jcph1145-bib-0003){ref-type="ref"}, [4](#jcph1145-bib-0004){ref-type="ref"} antiangiogenic,[5](#jcph1145-bib-0005){ref-type="ref"}, [6](#jcph1145-bib-0006){ref-type="ref"}, [7](#jcph1145-bib-0007){ref-type="ref"} and immunomodulatory activity.[8](#jcph1145-bib-0008){ref-type="ref"}, [9](#jcph1145-bib-0009){ref-type="ref"} Furthermore, pomalidomide has potent effects on key cytokines, including interleukin‐10, interferon‐γ, and tumor necrosis factor‐α.[10](#jcph1145-bib-0010){ref-type="ref"} Pomalidomide has been studied for the treatment of various hematologic and nonneoplastic hematologic disorders.[11](#jcph1145-bib-0011){ref-type="ref"}, [12](#jcph1145-bib-0012){ref-type="ref"}, [13](#jcph1145-bib-0013){ref-type="ref"} The dosage of 4 mg per day taken orally on days 1‐21 of repeated 28‐day cycles is approved (in combination with dexamethasone) in the European Union and the United States for the treatment of patients with multiple myeloma who have received ≥2 prior therapies, including lenalidomide and bortezomib (in the European Union; a proteasome inhibitor in the United States), and who have progressed on or within 60 days of completion of the last therapy or have disease progression in the last therapy.[14](#jcph1145-bib-0014){ref-type="ref"}, [15](#jcph1145-bib-0015){ref-type="ref"} This combination (pomalidomide plus low‐dose dexamethasone) significantly increased progression‐free survival and overall survival compared with high‐dose dexamethasone.[11](#jcph1145-bib-0011){ref-type="ref"} Thrombocytopenia, neutropenia, and anemia were the most common grade 3/4 adverse events.[11](#jcph1145-bib-0011){ref-type="ref"}

Pomalidomide pharmacokinetics have been well characterized both in healthy subjects and in subjects with relapsed and refractory MM.[16](#jcph1145-bib-0016){ref-type="ref"}, [17](#jcph1145-bib-0017){ref-type="ref"}, [18](#jcph1145-bib-0018){ref-type="ref"}, [19](#jcph1145-bib-0019){ref-type="ref"}, [20](#jcph1145-bib-0020){ref-type="ref"}, [21](#jcph1145-bib-0021){ref-type="ref"}, [22](#jcph1145-bib-0022){ref-type="ref"} Pomalidomide was absorbed with a maximum plasma concentration (C~max~) at a median time (t~max~) between 2.0 and 3.0 hours. Systemic exposure to a single dose of pomalidomide as determined from the area under the concentration‐time curve (AUC) increased in an approximately dose‐proportional manner up to 50 mg. Pomalidomide has a mean apparent volume of distribution (V~z~/F) between 62 and 138 L at steady state. Multiple‐dose exposure over the 0.5‐ to 2‐mg dose range was approximately dose proportional, with pomalidomide reaching steady state by day 3, and accumulation appeared minimal (less than 14.0% for both AUC and C~max~). The extent of plasma protein binding in pooled human male and female plasma ranged from 12.0% to 44.0%.[14](#jcph1145-bib-0014){ref-type="ref"}, [15](#jcph1145-bib-0015){ref-type="ref"} A \[^14^C\]‐pomalidomide study in healthy adult men[23](#jcph1145-bib-0023){ref-type="ref"} showed that pomalidomide was extensively metabolized in vivo via multiple metabolic pathways, including oxidation, hydroxylation, and hydrolysis. The mean apparent terminal half‐life (t~1/2~) of pomalidomide was approximately 7.5 hours, and apparent total plasma clearance (CL/F) generally ranged from 6.5 to 10.8 L/h. Pomalidomide‐related material was eliminated predominantly through renal excretion (∼73.0% of the administered dose), with a low fraction of the dose excreted in urine as unchanged drug (overall \< 5.0% of the administered dose).

In vitro, pomalidomide was metabolized via multiple pathways (the metabolites observed were formed primarily via oxidative hydroxylation with subsequent glucuronidation or hydrolysis of the parent compound), and several cytochrome P450 (CYP) enzymes were capable of metabolizing pomalidomide, namely, CYP1A2, CYP3A4, and, to a minor extent, CYP2C19 and CYP2D6. Previously, a phase 1 open‐label study was conducted to assess pomalidomide pharmacokinetics (PK) when coadministered with the CYP3A inhibitor alone and with the CYP3A inhibitor plus CYP1A2 inhibitor.[21](#jcph1145-bib-0021){ref-type="ref"} The total drug exposure of a single 4‐mg dose of pomalidomide increased by 18.8% and 145.7% in the presence of the CYP3A inhibitor (ketoconazole) and in the presence of both CYP3A and CYP1A2 inhibitors (ketoconazole + fluvoxamine), respectively, compared with pomalidomide alone.[21](#jcph1145-bib-0021){ref-type="ref"} Because of the possible synergistic effect between CYP450 enzymes, it is challenging to delineate quantitatively the pronounced increases of pomalidomide exposure to CYP1A2 inhibition and CYP3A inhibition.

Based on the US Food and Drug Administration (FDA) guidance on clinical drug interaction studies,[24](#jcph1145-bib-0024){ref-type="ref"} if an investigational drug is a CYP1A2 substrate, the sponsor should consider conducting a study in smokers based on the intended patient population and the effect of CYP1A2 induction on the drug\'s exposure. Study A was conducted to evaluate the effect of CYP1A2 induction by smoking on pomalidomide PK in healthy subjects. In addition, following the prior CYP3A inhibition study, an understanding of the contribution of CYP1A2 inhibition alone to changes in exposure to pomalidomide was sought to complement the quantification of the contributions of CYP3A and CYP3A plus CYP1A2 established in the prior CYP3A inhibition study. study B was conducted to assess the effect of CYP1A2 inhibition by fluvoxamine alone on pomalidomide PK in healthy subjects.

Methods {#jcph1145-sec-0020}
=======

All subjects provided written informed consent prior to screening. These studies were conducted and monitored in accordance with Celgene procedures and the study protocols. These procedures complied with the ethical principles of the International Conference on Harmonisation harmonized tripartite guideline E6 (R1): Good Clinical Practice, as required by the major regulatory authorities. The conduct also complied with the Declaration of Helsinki, Title 21 of the US Code of Federal Regulations, Parts 50 and 56, concerning informed consent and institutional review board regulations and applicable national, state, and local laws or regulations.

Study Design {#jcph1145-sec-0030}
------------

### CC‐4047‐CP‐011 (Study A) {#jcph1145-sec-0040}

Study A was an open‐label, nonrandomized study with 2 parallel cohorts. During study participation, healthy male smokers were required to smoke approximately 25 cigarettes per day for a total of 10 days (days 1 to 10) approximately evenly distributed throughout typical waking hours of each day. Nonsmokers did not smoke and were not in the presence of smokers while on site. One of the exploratory objectives of this study was to evaluate the relative CYP1A2 metabolism by caffeine (a commonly used probe substrate for CYP1A2 activity) clearance in healthy smokers and nonsmokers. To assess caffeine clearance, all subjects orally received a 200‐mg caffeine capsule on day 6 of each cohort, and on day 8, subjects received a single oral 4‐mg dose of pomalidomide. All subjects were on a methylxanthine‐free diet (other than caffeine administered for test purposes) for at least 1 week before and during the study (no chocolate, cocoa, soft drinks, coffee, tea, or foods containing these ingredients). Within no more than 21 days (day ‐21) and no less than 2 days (day ‐2) prior to the start of the first period, healthy male subjects underwent routine screening procedures including physical examination, 12‐lead electrocardiogram (ECG), vital signs, clinical laboratory safety tests (serum/plasma chemistry, hematology, and urinalysis), serology screen, and drug/alcohol/cotinine screen. Eligible subjects returned to the study center on day ‐1 for baseline assessments and to start the in‐clinic stay. On the morning of day 1 of each cohort, subjects who continued to be qualified for participation in the study were enrolled in cohort A (smokers) or cohort B (nonsmokers), and each subject in each cohort received the following oral dosing regimens: a single oral dose of 200 mg caffeine on day 6 and a single oral dose of 4 mg pomalidomide on day 8. Subjects fasted overnight (at least 10 hours) prior to the caffeine clearance test on day 6. Similarly, subjects fasted overnight prior to the 4‐mg pomalidomide dose on day 8 and continued to fast for at least 4 hours after dosing. During each cohort, subjects were housed at the study center from day ‐1 through the morning of day 10. Subjects were discharged from the study center on day 10 on completion of study procedures.

### CC‐4047‐CP‐012 (Study B) {#jcph1145-sec-0050}

This was a single‐center, open‐label, nonrandomized study. The entire study consisted of a screening phase, a treatment period, and a follow‐up telephone call for safety. Within no more than 21 days (day ‐21) and no less than 2 days (day ‐2) prior to the start of the treatment period, subjects underwent routine screening procedures. These included the following: a 12‐lead ECG, vital signs, clinical laboratory safety tests (serum/plasma chemistry, hematology, and urinalysis), serology screen, and drug and alcohol screen. Eligible subjects returned to the study center on day ‐1 for baseline assessments and confirmation of enrollment criteria. Subjects who continued to be qualified for participation enrolled on the morning of day 1.

Each subject received the following oral dosing regimens: a single oral dose of 4 mg pomalidomide in the morning on day 1, dosing withheld from days 2 to 3, twice‐daily oral doses of 50 mg fluvoxamine (a known strong inhibitor of CYP1A2) from days 4 to 7, a single oral dose of 4 mg pomalidomide in the morning plus a twice‐day oral dose of 50 mg fluvoxamine on day 8, and twice‐daily oral doses of 50 mg fluvoxamine on days 9 and 10.

Blood Collection for Pharmacokinetic Analysis {#jcph1145-sec-0060}
---------------------------------------------

In study A, serial blood samples (approximately 5 mL per blood draw) were collected at the following times: for pomalidomide (on day 8), predose (zero hour), 0.5, 1, 1.5, 2, 2.5, 3, 6, 8, 12, 24, 36, and 48 hours post--pomalidomide dose; and for caffeine and paraxanthine (on day 6), predose (zero hour), 0.5, 1, 2, 4, 6, 8, 10, and 12 hours post--caffeine dose.

In study B, serial blood samples (approximately 5 mL per blood draw) were collected at the following times: for pomalidomide, on both day 1 and day 8, predose (zero hour), 1, 2.5, 3, 6, 12, 24, 36, 48, 60, and 72 hours postdose; and for fluvoxamine, predose on day 1 and 4 hours postdose on days 4 to 10.

Safety Assessment {#jcph1145-sec-0070}
-----------------

Safety was monitored throughout both studies. Safety evaluations included adverse event (AE) reporting, physical examinations, vital sign measurements, 12‐lead ECGs, and clinical laboratory safety tests. All concomitant medications were assessed and recorded throughout the study from the time the informed consent document (ICD) was signed until study completion (follow‐up safety telephone call). Adverse events and severe adverse events (SAEs) were assessed and recorded from the time the subject signed the ICD until study completion (follow‐up safety telephone call), and when made known to the investigator within 28 days after the last dose of investigational product (and those SAEs made known to the investigator at any time thereafter that were suspected of being related to the investigational product).

Bioanalytical Methodology {#jcph1145-sec-0080}
-------------------------

To determine human plasma samples for pomalidomide and CYP1A2 inhibitor (caffeine, paraxanthine, and fluvoxamine on pomalidomide) concentrations, the validated liquid chromatography‐tandem mass spectrometry (MS/MS) assays were used. The lower limit of quantification was 0.25 ng/mL for pomalidomide, 0.5 ng/mL for fluvoxamine, and 20 ng/mL for both caffeine and paraxanthine. These were subsequently processed by liquid‐liquid extraction and then analyzed using reverse‐phase high‐performance liquid chromatography (HPLC) with electrospray MS/MS detection.[23](#jcph1145-bib-0023){ref-type="ref"}

Pharmacokinetic Analyses {#jcph1145-sec-0090}
------------------------

Noncompartmental PK parameters such as C~max~, t~max~, AUC~0‐t~, AUC~0‐inf~, t~1/2~, CL/F, and Vz/F were calculated from the plasma concentration‐time data with PhoenixWinNonlin Professional version 6.3 (Pharsight, a Certara company, St. Louis, Missouri). Actual sampling times were used in the calculations. Descriptive statistics (n, mean, standard deviation \[SD\], coefficient of variation \[CV%\], geometric mean, geometric CV%, median, minimum, and maximum) were provided for concentrations at each time and for all PK parameters.

Statistical Analyses {#jcph1145-sec-0100}
--------------------

In study A, sample size was based on empirical considerations, and no formal sample‐size calculation was performed. Twenty‐eight male subjects (14 smokers, 14 nonsmokers) were enrolled in the study. To assess the effect of smoking on the PK of pomalidomide, an analysis of variance (ANOVA) was performed on natural log‐transformed data of C~max~, AUC~0‐t~, and AUC~0‐inf~ using MIXED procedures in SAS. The MIXED model contained the term *cohort* as a fixed effect. The geometric means, percent ratios of the geometric means (smoker/nonsmoker), and 90% confidence interval (CI) for the geometric mean ratio were calculated. The t~max~ was analyzed by nonparametric method to generate the difference in medians between treatment (smoker and nonsmoker) and 90%CIs of the median difference. To assess the effect of smoking on the PK of caffeine and paraxanthine/caffeine ratio, an ANOVA was performed on natural log‐transformed data of C~max~, AUC~0‐t~, and AUC~0‐inf~ using MIXED procedures in SAS. The MIXED model contained the term *cohort* as a fixed effect. The geometric means, percent ratios of the geometric means (smoker/nonsmoker), and 90%CIs for the geometric mean ratios were provided. The t~max~ was analyzed by nonparametric method to generate the difference in medians between cohorts (smoker and nonsmoker) and 90%CI of the median difference.

In study B, no formal sample size calculation was performed. Fifteen healthy, adult male subjects were enrolled in the study. To assess the effect of fluvoxamine on the PK of pomalidomide, an ANOVA was performed on the natural log‐transformed AUC~0‐t~, AUC~0‐inf~, and C~max~ to estimate the ratio of geometric means between the treatments (pomalidomide plus fluvoxamine versus pomalidomide) and its 90%CI. The ANOVA model included treatment (pomalidomide and pomalidomide plus fluvoxamine) as a fixed effect and subject as a random effect.

All safety assessments, including AEs, vital sign measurements, clinical laboratory information, concomitant medications, physical examinations, and ECG interpretations, were tabulated and summarized as appropriate.

Results {#jcph1145-sec-0110}
=======

Demographic and Other Baseline Characteristics {#jcph1145-sec-0120}
----------------------------------------------

A total of 28 subjects were enrolled in study A. Demographic data are presented in Table [1](#jcph1145-tbl-0001){ref-type="table"}. Mean and minimum body mass index were slightly lower in smokers than in nonsmokers, whereas mean age and range were similar in smokers and nonsmokers. All enrolled subjects satisfied the inclusion and exclusion criteria, with no clinically significant abnormalities prior to administration of the first dose, and the investigator approved all the subjects for study participation.

###### 

Demographic and Other Baseline Characteristics

                                Study A                    Study B                                           
  ----------------------------- -------------------------- ------------------------ ------------------------ ------------------------
  Age (y), mean (range)         51.9 (40 to 67)            50.4 (40 to 66)          51.1 (40 to 67)          34.2 (23.0 to 50.0)
  Height (cm), mean (range)     173\. 9 (168.2 to 184.0)   177.1 (162.0 to 191.7)   175.5 (162.0 to 191.7)   176.6 (164.0 to 188.1)
  Weight (kg), mean (range)     80.4 (50.0 to 116.0)       91.2 (73.0 to 110.4)     85.8 (50.0 to 116.0)     84.3 (64.8 to 98.6)
  BMI (kg/m^2^), mean (range)   26.6 (17.7 to 36.1)        29.1 (24.6 to 36.9)      27.8 (17.7 to 36.9)      27.0 (20.8 to 31.3)
  Race, n (%)                                                                                                
  White                         13 (92.9)                  8 (57.1)                 21 (75.0)                8 (53.3)
  Black or African American     1 (7.1)                    6 (42.9)                 7 (25.0)                 7 (46.7)
  Ethnicity, n (%)                                                                                           
  Hispanic or Latino            1 (7.1)                    1 (7.1)                  2 (7.1)                  4 (26.7)
  Not Hispanic or Latino        13 (92.9)                  13 (92.9)                26 (92.9)                11 (73.3)

BMI, body mass index; n, number of subjects.

John Wiley & Sons, Ltd.

A total of 15 subjects were enrolled in study B, and 14 subjects (93.3%) completed the study. Demographic data are presented in Table [1](#jcph1145-tbl-0001){ref-type="table"}. All subjects were male, with a mean age of 34.2 years. The majority were not Hispanic or Latino (73.3%). There were a similar number of black or African American and white subjects (7 and 8 subjects, respectively).

Effect of the CYP1A2 Inhibitor Fluvoxamine on Pomalidomide PK {#jcph1145-sec-0130}
-------------------------------------------------------------

Mean ± SD pomalidomide plasma concentration profiles from a single oral dose of 4 mg pomalidomide when administered alone and when administered with the CYP1A2 inhibitor fluvoxamine are presented in Figure [1](#jcph1145-fig-0001){ref-type="fig"}. Mean pomalidomide plasma concentration‐time profiles were well characterized over the 72‐hour postdose sampling interval. A summary of the PK parameters of pomalidomide when administered alone and when administered with the CYP1A2 inhibitor fluvoxamine is presented in Table [2](#jcph1145-tbl-0002){ref-type="table"}. By ANOVA analysis, the PK parameters were not equivalent when pomalidomide was administered with fluvoxamine and when pomalidomide was administered alone, demonstrated by total pomalidomide plasma exposure (AUC~0‐inf~), which increased by 125.1% when pomalidomide was administered with fluvoxamine compared with when administered alone (geometric mean, 1179.4 and 526.5 ng·h/mL, respectively). Peak exposure to pomalidomide (C~max~) increased by 23.7% when pomalidomide was administered with fluvoxamine compared with when administered alone (geometric mean, 59.5 and 49.2 ng/mL, respectively; see Tables [2](#jcph1145-tbl-0002){ref-type="table"} and [3](#jcph1145-tbl-0003){ref-type="table"}). Mean t~1/2~ of pomalidomide when administered alone was less than that when administered with fluvoxamine (6.0 and 13.1 hours, respectively). Mean CL/F of pomalidomide when administered alone was greater than that when administered with fluvoxamine (7.6 and 3.4 L/h, respectively). The mean V~z~/F of pomalidomide when administered alone was similar to that when administered with fluvoxamine (65.4 and 64.0 L, respectively). In general, the PK parameters from this study were similar to those from the previous drug interaction study (7.6‐8.3 L/h, 3.1‐3.3 hours, and 6.1 hours for CL/F, t~max~, and t~1/2~ from a prior drug interaction study, respectively).[21](#jcph1145-bib-0021){ref-type="ref"}

![Mean ± SD plasma concentration of pomalidomide‐time profiles by treatment (study B).](JCPH-58-1295-g001){#jcph1145-fig-0001}

###### 

Summary of Pomalidomide Plasma Pharmacokinetic Parameters (Study B)

  PK Parameters of Pomalidomide                            Pomalidomide 4 mg Administered Alone, n = 15   Pomalidomide 4 mg Administered With Fluvoxamine, n = 14
  -------------------------------------------------------- ---------------------------------------------- ---------------------------------------------------------
  AUC~0‐inf~ (ng·h/mL)                                     526.5 (33.2)                                   1179.4 (23.4)
  C~max~ (ng/mL)                                           49.2 (26.2)                                    59.5 (21.9)
  t~max~ (h)[a](#jcph1145-tbl2-note-0002){ref-type="fn"}   3.0 (2.5, 6.0)                                 4.5 (3.0, 6.0)
  t~1/2~ (h)                                               6.0 (28.9)                                     13.1 (15.8)
  CL/F (L/h)                                               7.6 (33.2)                                     3.4 (23.4)
  Vz/F (L)                                                 65.4 (16.9)                                    64.0 (16.8)

Geometric mean (geometric CV%) data from descriptive statistics are presented.

AUC~0‐inf~, area under the plasma concentration‐time curve from time 0 to infinity; CL/F, apparent total plasma clearance; C~max~,  maximum plasma drug concentration; n, number of subjects; t~1/2~, terminal half‐life; t~max~, time to C~max~; V~z~/F,  apparent volume of distribution during the terminal phase when dosed orally.

Median (minimum, maximum).

John Wiley & Sons, Ltd.

###### 

Statistical Analysis of Pomalidomide Plasma Pharmacokinetic Parameters With and Without Fluvoxamine

  Pharmacokinetic Parameter (Unit)   Treatment                       n    Geometric Mean[a](#jcph1145-tbl3-note-0002){ref-type="fn"}   Ratio (%) of Geometric Means   90%CI of Ratio of Geometric Means
  ---------------------------------- ------------------------------- ---- ------------------------------------------------------------ ------------------------------ -----------------------------------
  AUC~0‐inf~ (ng·h/mL)               Administered with fluvoxamine   14   1185.2                                                       225.1                          (198.0‐257.0)
                                     Administered alone              15   526.5                                                                                       
  C~max~ (ng/mL)                     Administered with fluvoxamine   14   60.8                                                         123.7                          (116.5‐131.3)
                                     Administered alone              15   49.2                                                                                        

AUC~0‐inf~, area under the plasma concentration‐time curve from time 0 to infinity; CI, confidence interval; C~max~, maximum plasma drug concentration; n, number of subjects.

Geometric means from analysis of variance analysis.

John Wiley & Sons, Ltd.

Pomalidomide Pharmacokinetics in Smokers Versus Nonsmokers {#jcph1145-sec-0140}
----------------------------------------------------------

Mean plasma concentration‐time profiles of pomalidomide from smokers and nonsmokers are presented in Figure [2](#jcph1145-fig-0002){ref-type="fig"}. Mean plasma concentration‐time profiles of pomalidomide in both populations were well characterized over the 48‐hour postdose sampling interval. A summary of the pomalidomide plasma PK parameters from smokers and nonsmokers is presented by smoking status in Table [4](#jcph1145-tbl-0004){ref-type="table"}. By ANOVA analysis, the PK parameters were not equivalent in smokers and nonsmokers, as demonstrated by the AUC~0‐inf~, which decreased by 32.3% in smokers compared with in nonsmokers (geometric mean, 463.0 and 684.0 ng·h/L, respectively), whereas the C~max~ increased by 14.4% in smokers compared with that in nonsmokers (geometric mean, 64.4 and 56.3 ng/mL, respectively); see Tables [4](#jcph1145-tbl-0004){ref-type="table"} and [5](#jcph1145-tbl-0005){ref-type="table"}. The t~1/2~ of pomalidomide in smokers was less than that in nonsmokers (4.8 and 7.8 hours, respectively). The mean CL/F of pomalidomide in smokers was greater than that in nonsmokers (8.6 and 5.8 L/h, respectively). In general, the PK parameters from the nonsmokers were similar to those from the previous drug interaction study (7.6‐8.3 L/h, 3.1‐3.3 hours, and 6.1 hours for CL/F, t~max~, and t~1/2~, respectively, from a prior drug interaction study).[21](#jcph1145-bib-0021){ref-type="ref"}

![Mean ± SD pomalidomide plasma concentration‐time profiles: CYP1A2 induction effect on pomalidomide (study A).](JCPH-58-1295-g002){#jcph1145-fig-0002}

###### 

Summary of Pomalidomide Plasma Pharmacokinetic Parameters by Smoking Status (Study A)

  Pomalidomide PK Parameters                               Nonsmokers, n = 13   Smokers, n = 14
  -------------------------------------------------------- -------------------- -----------------
  AUC~0‐inf~ (ng·h/mL)                                     684.4 (19.6)         463.1 (32.5)
  C~max~ (ng/mL)                                           56.3 (16.6)          64.4 (18.7)
  t~max~ (h)[a](#jcph1145-tbl4-note-0002){ref-type="fn"}   3.0 (1.5, 6.0)       1.8 (1.0, 3.0)
  t~1/2~ (h)                                               7.8 (18.3)           4.8 (29.9)
  CL/F (L/h)                                               5.8 (19.6)           8.6 (32.5)
  V~z~/F (L)                                               65.8 (10.0)          59.7 (24.9)

Geometric mean (geometric CV%) data from descriptive statistics are presented.

AUC~0‐inf~, area under the plasma concentration‐time curve from time 0 to infinity; CL/F, apparent total plasma clearance; C~max~,  maximum plasma drug concentration; n, number of subjects; t~1/2~, terminal half‐life; t~max~, time to C~max~; V~z~/F,  apparent volume of distribution during the terminal phase when dosed orally.

Median (minimum, maximum).

John Wiley & Sons, Ltd.

###### 

Statistical Comparison of Pomalidomide Plasma Pharmacokinetic Parameters (AUC~0‐inf~ and C~max~): Effect of CYP1A2 Induction

  Pharmacokinetic Parameter (Uunit)   Treatment    n    Geometric Mean   Comparison           Ratio (%) of Geometric Means   90%CI of Ratio of Geometric Means
  ----------------------------------- ------------ ---- ---------------- -------------------- ------------------------------ -----------------------------------
  AUC~0‐inf~ (ng·h/mL)                Smokers      14   463.1            Smokers/nonsmokers   67.7                           (56.8‐80.6)
                                      Nonsmokers   13   684.4            ---                  ---                            ---
  C~max~ (ng/mL)                      Smokers      14   64.4             Smokers/nonsmokers   114.4                          (101.9‐128.4)
                                      Nonsmokers   13   56.3             ---                  ---                            ---

AUC~0‐inf~, area under the plasma concentration‐time curve from time 0 to infinity; C~max~,  maximum plasma drug concentration; CI, confidence interval; n,  number of subjects.

John Wiley & Sons, Ltd.

Relationship Between Smoking Status and Caffeine Clearance and the Correlation Between Caffeine Clearance and Pomalidomide Clearance {#jcph1145-sec-0150}
------------------------------------------------------------------------------------------------------------------------------------

The relationships between smoking status and caffeine clearance and between caffeine clearance and pomalidomide clearance have been explored, and the results are presented in Figures [3](#jcph1145-fig-0003){ref-type="fig"} and [4](#jcph1145-fig-0004){ref-type="fig"}.

![Relationship between smoking status and caffeine clearance. CL/F, apparent total plasma clearance.](JCPH-58-1295-g003){#jcph1145-fig-0003}

![Scatterplot of caffeine clearance versus pomalidomide clearance. CL/F, apparent total plasma clearance.](JCPH-58-1295-g004){#jcph1145-fig-0004}

Caffeine plasma clearance was higher in smokers than in nonsmokers (9.9 and 5.3 L/h, respectively). In addition, there was good correlation between caffeine clearance and pomalidomide clearance in vivo.

Safety {#jcph1145-sec-0160}
------

In study A, overall, 21 of 55 subjects (38.2%) reported 37 treatment‐emergent adverse events (TEAEs). There were 12 subjects (21.8%) who reported 22 TEAEs that were suspected by the investigator of being related to the study drug. There were 3 TEAEs of moderate severity (all instances of presyncope occurring near the time of blood sample collection), none of which the investigator considered related to the study drug. No subject experienced an SAE or severe TEAE, and no subjects withdrew from the study because of a TEAE. The incidence of TEAEs in smokers appeared higher than in nonsmokers. However, because TEAEs were recorded after caffeine administration on day 6 but prior to pomalidomide administration on day 8, these numbers overstated the number of TEAEs attributable to pomalidomide. When only TEAEs that occurred after pomalidomide dosing were considered, there was no difference in the incidence of TEAEs between smokers and nonsmokers. There were no deaths.

In study B, overall, only 1 of 15 subjects (6.7%) reported 1 TEAE. One subject (7.1%) reported 1 TEAE in the 50‐mg fluvoxamine treatment. No subject reported at least 1 TEAE related to the study drug. No deaths, SAEs, or TEAEs leading to discontinuation were reported. The TEAE of dry lip was reported by 1 subject (7.1%) in the 50‐mg fluvoxamine treatment and was the only TEAE reported during the study. The TEAE of dry lip was resolved by the end of the study. One subject (7.1%) in the 50‐mg fluvoxamine treatment reported a TEAE that was mild in severity and was not suspected of being related to the study drug. No moderate or severe TEAEs were reported during the study. One subject was discontinued as per management discretion because of inappropriate behavior while in the clinical unit.

Discussion {#jcph1145-sec-0170}
==========

Evaluation of drug‐drug interactions (DDIs) is an important part of drug development because patients frequently use more than 1 medication at a time. A clinically relevant change in exposure of a coadministered drug can lead to loss of efficacy or an adverse drug reaction (ADR). In the general population, 20.0%‐30.0% of all ADRs have been attributed to DDIs.[25](#jcph1145-bib-0025){ref-type="ref"}, [26](#jcph1145-bib-0026){ref-type="ref"} Some severe DDIs have resulted in market withdrawals and major revisions to product labels. It becomes especially critical among oncology drugs as they are typically administered at or close to the maximum tolerated dose.[27](#jcph1145-bib-0027){ref-type="ref"} Extensive metabolism of pomalidomide prior to elimination has been demonstrated in both in vitro and in vivo studies, suggesting that pomalidomide may have DDI potential as a victim drug.[23](#jcph1145-bib-0023){ref-type="ref"} Prior in vivo DDI assessment showed that coadministration of ketoconazole, a strong inhibitor of both CYP3A isozymes and P‐glycoprotein, with pomalidomide induced a mild increase in pomalidomide exposure that was not considered clinically relevant. However, concomitant dosing of pomalidomide with both the strong CYP1A2 inhibitor fluvoxamine and the strong CYP3A inhibitor ketoconazole approximately doubled the mean exposure to pomalidomide in healthy men.[21](#jcph1145-bib-0021){ref-type="ref"} A limitation of this study design was that it was not possible to determine whether the significant increase in pomalidomide exposure was because of CYP1A2 inhibition alone or of a synergistic interaction requiring strong concomitant CYP3A isozyme and CYP1A2 inhibition. Therefore, an understanding of the contribution of CYP1A2 inhibition alone to changes in exposure to pomalidomide is sought to complement the quantification of the contributions of CYP3A and CYP3A plus CYP1A2 established in the prior in vivo inhibition study.

Based on the FDA guidance on clinical drug interaction studies, if an investigational drug is a CYP1A2 substrate, the sponsor should consider conducting a study in smokers based on the intended patient population and the effect of CYP1A2 induction on the drug\'s exposure.[24](#jcph1145-bib-0024){ref-type="ref"} Consistently, published literature has shown that polycyclic aromatic hydrocarbons are some of the major lung carcinogens found in tobacco smoke that are potent inducers of the hepatic cytochrome P450 (CYP) isoenzyme 1A2.[28](#jcph1145-bib-0028){ref-type="ref"}, [29](#jcph1145-bib-0029){ref-type="ref"}, [30](#jcph1145-bib-0030){ref-type="ref"}, [31](#jcph1145-bib-0031){ref-type="ref"}, [32](#jcph1145-bib-0032){ref-type="ref"}, [33](#jcph1145-bib-0033){ref-type="ref"}, [34](#jcph1145-bib-0034){ref-type="ref"}, [35](#jcph1145-bib-0035){ref-type="ref"}, [36](#jcph1145-bib-0036){ref-type="ref"} However, there is considerable interindividual variability in both basal and induced CYP1A2 activity states, so creating a reproducible enzyme‐induced state can be challenging. The variability is considered multifactorial, with the potential to be affected by both intrinsic and extrinsic factors. Differences in the individual ability to metabolize CYP1A2 substrates has been linked to extrinsic and some intrinsic factors such as diet (eg, cruciferous vegetables, grilled/broiled meats), smoking (induction), contraceptive use (inhibition), and certain cancers.[37](#jcph1145-bib-0037){ref-type="ref"}, [38](#jcph1145-bib-0038){ref-type="ref"} Caffeine clearance has been described as the gold standard marker of CYP1A2 induction, and among the published methods, a saliva‐ or plasma‐based determination of the paraxanthine‐to‐caffeine ratio approximately 6 hours after a defined amount (usually 100‐200 mg) of caffeine intake is both convenient and fully validated.[39](#jcph1145-bib-0039){ref-type="ref"} Phenotypic assessment of baseline and induced CYP1A2 activity using caffeine clearance was included in study A to allow evaluation of potential variability.

The primary objective of study A was to evaluate the effect of smoking on the PK of pomalidomide. One of the exploratory objectives was to evaluate relative CYP1A2 metabolism by caffeine (a commonly used probe substrate for CYP1A2 activity) clearance in healthy smokers and nonsmokers. The smokers selected to participate were heavy smokers and, per protocol, were required to smoke approximately 25 cigarettes per day prior to pomalidomide dosing. Caffeine clearance was used as a marker of CYP1A2 activity. Consistent with the published literature, it showed that the caffeine clearance was approximately 2‐fold higher in smokers than in nonsmokers (9.9 and 5.3 L/h, respectively), and as expected, smokers showed slightly higher intersubject variability on caffeine clearance (43.8% and 33.2%, respectively); see Figure [3](#jcph1145-fig-0003){ref-type="fig"}. In addition, there was good correlation between caffeine clearance and pomalidomide clearance, supporting that CYP1A2‐mediated metabolism of pomalidomide is predominant in vivo (Figure [4](#jcph1145-fig-0004){ref-type="fig"}). The C~max~ of pomalidomide was 14.4% higher in smokers than that in nonsmokers, whereas the AUC~0‐inf~ of pomalidomide was 32.3% lower in smokers than in nonsmokers (Table [5](#jcph1145-tbl-0005){ref-type="table"}). The induction of CYP1A2 caused by smoking, however, still yielded exposure within the range of efficacious exposure seen in the general population.

Study B was a single‐center, open‐label, nonrandomized study. The primary objective of this study was to evaluate the PK of pomalidomide administered with the CYP1A2 inhibitor fluvoxamine compared with pomalidomide alone in healthy male subjects. For fluvoxamine coadministration versus pomalidomide alone, the ratio of AUC was greater than that of C~max~ (225.1% and 123.7%, respectively). This suggests that the predominant effect of coadministration of fluvoxamine was on pomalidomide clearance by the inhibition of hepatic CYP1A2 and, to a lesser extent, on pomalidomide absorption by the inhibition of intestinal CYP1A2, consistent with the more pronounced increases in t~1/2~ and decreases in CL/F and less pronounced increases in t~max~ and C~max~. Pharmacokinetic results showed that fluvoxamine coadministration had both a statistically and clinically remarkable increase in pomalidomide exposure compared with administration of pomalidomide alone. The magnitude of the mean increase (approximate doubling of exposure \[AUC\]) caused by fluvoxamine alone was similar to that observed when the second inhibitor, ketoconazole (which inhibits CYP3A), was coadministered with fluvoxamine (the prior CYP3A inhibition). This result indicated that CYP1A2 inhibition or the interaction of CYP1A2 and CYP3A, but not CYP3A, primarily drives observed changes in pomalidomide exposure and clearance. When both inhibitors are coadministered with pomalidomide, the initial dose should be half the normal starting dose. When the CYP1A2 inhibitor is administered alone with pomalidomide, the initial dose should also be halved.

Overall, pomalidomide was safe and well tolerated as a single oral dose of 4 mg in healthy male smokers and nonsmokers ≥ 40 to ≤ 80 years old from study A, and a single oral dose of 4 mg pomalidomide coadministered with multiple oral 50‐mg doses of the CYP1A2 inhibitor fluvoxamine compared with pomalidomide alone was safe and well tolerated by the healthy male subjects in study B. No clinical laboratory parameter or abnormal 12‐lead ECG result was considered clinically significant or reported as a TEAE by the investigator, and no individual vital sign result was reported as a TEAE by the investigator from study B.

In conclusion, the current studies showed that the mean pomalidomide exposure when administered with fluvoxamine was 225.1% and 123.7% of that when administered alone for AUC~0‐inf~ and C~max~, respectively. The AUC~0‐inf~ was 32.3% lower in smokers than that in nonsmokers, whereas the C~max~ was 14.4% higher in smokers than that in nonsmokers. Based on the PK results from these studies, pomalidomide prescribing information approved by the FDA recommends to "avoid concomitant use of strong CYP1A2 inhibitors. If a strong CYP1A2 inhibitor must be used, reduce POMALYST dose by 50%," and "Cigarette smoking reduces pomalidomide AUC by 32% due to CYP1A2 induction. Advise patients that smoking may reduce the efficacy of pomalidomide."
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